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DISCHARGE DEVICE FOR PULSED LASER 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a discharge device for 
pulsed laser Which performs pulsed laser oscillation by 
preioniZing across main discharge electrodes disposed in a 
laser medium and performing a main discharge to eXcite the 
laser medium. 

2. Description of the Prior Art 
TEA laser causes a uniform gloW discharge across a pair 

of opposing main discharge electrodes to form an inverted 
population region necessary for laser oscillation. 

To obtain the gloW discharge spread to ?ll the entire main 
discharge gap, the TEA laser has to cause preioniZation 
before starting the main discharge to ioniZe the entire main 
discharge gap previously. Especially, an eXcimer laser has to 
ioniZe as many as possible immediately before the main 
discharge because the electrons in a negative gas have a 
short lifetime. 

Currently, various types of methods using X rays, a spark 
discharge, a corona discharge or the like are used as a 

preioniZing method. Among them, a method using the 
corona discharge is extensively used because it is relatively 
simple and easy and has less contamination of a laser gas. 

FIG. 8 shoWs an equivalent circuit of a conventional 
capacity shift type magnetic pulse compression discharge 
device, namely of a discharge device for pulsed laser, Which 
employs the corona discharge for the preioniZation. FIG. 9 
shoWs an eXample of voltage and electric current Waveforms 
at respective points of the discharge device for pulsed laser 
shoWn in FIG. 8. 

In the discharge device for pulsed laser shoWn in FIG. 8, 
corona preioniZation capacitor (hereinafter called the 
preioniZation capacitor) Cpp and corona preioniZation elec 
trode (hereinafter called the preioniZation electrode) 4 are 
disposed to preioniZe in main discharge gap 3 Which is 
formed across a pair of main discharge electrodes 1, 2, and 
a laser medium in the main discharge gap 3 across the main 
discharge electrodes 1, 2 is preioniZed by UV (ultraviolet) 
light produced by a corona discharge at the preioniZation 
electrode 4. 

The discharge device for pulsed laser shoWn in FIG. 8 has 
tWo-stage magnetic pulse compression circuit utiliZing a 
saturation phenomenon of three magnetic sWitches ALO to 
AL2 each made of a saturable reactor. 

In the discharge device for pulsed laser shoWn in FIG. 8, 
an electric charge is applied from high-voltage poWer source 
HV to capacitor C0 through the magnetic sWitch ALO and 
coil L1. 

Then, When pulse oscillation synchroniZing signal (trigger 
signal) TR, Which is turned on in synchroniZation With a 
repetition frequency of a pulsed laser oscillation, is input, 
main sWitch SW is turned on (at time t0 shoWn in FIG. 9). 
When the main sWitch SW is turned on, electric potential 
VSW of the main sWitch SW drops sharply to Zero. When 
time integral (namely, time integral value of voltage VCO) 
S0 of voltage difference “VCO-VSW” betWeen the capacitor 
C0 and the main sWitch SW as voltages at both ends of the 
magnetic sWitch ALO reaches a threshold value Which is 
based on a set characteristic of the magnetic sWitch ALO, the 
magnetic sWitch ALO is saturated at time tl, and electric 
current pulse i0 flows through a loop of the capacitor C0, the 
magnetic sWitch ALO, the main sWitch SW and capacitor C1. 
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2 
Duration '50 in Which the electric current pulse i0 starts to 

How and becomes 0 (time t2 shoWn in FIG. 9), namely 
electric charge transfer time '50 in Which the electric charge 
is completely transferred from the capacitor C0 to the 
capacitor C1, is based on respective capacitance of the 
inductance, the capacitor C0 and the capacitor C1 after the 
magnetic sWitch ALO is saturated With loses due to the main 
sWitch SW and the like disregarded. 

MeanWhile, When time product S1 of the voltage VCl of 
the capacitor C1 reaches the threshold value Which depends 
on the set characteristic of the magnetic sWitch ALI, the 
magnetic sWitch AL1 is saturated and has a loW inductance 
at time t3. Thus, electric current pulse i1 flows through a 
loop of the capacitor C1, capacitor C2 and the magnetic 
sWitch AL1. The electric current pulse i1 becomes 0 at time 
t4 after a lapse of predetermined transfer time '51 Which is 
determined by an inductance after the saturation of the 
magnetic sWitch ALl and the capacitance of the capacitors 
C1, C2. 
When time product S2 of voltage VC2 of the capacitor C2 

reaches a threshold value Which is based on a set charac 
teristic of the magnetic sWitch AL2, the magnetic sWitch 
AL2 is saturated at time t5. Thus, electric current pulse i2 
flows through a loop of the capacitor C2, peaking capacitor 
CP and the magnetic sWitch AL2. The How of the electric 
current pulse i2 rises voltage Vcp of the peaking capacitor 
Cp and voltage VCpp of the preioniZation capacitor Cpp. 

Then, When the voltage of the preioniZation electrode 4 
rises to a predetermined preioniZation start voltage through 
the preioniZation capacitor Cpp, a corona discharge is 
caused at the preioniZation electrode 4 to How electric 
current i3, and the main discharge gap 3 is preioniZed. 

Besides, the voltage VCp of the peaking capacitor Cp 
rises further With the progress of charging. And, When the 
voltage VCp reaches a predetermined main discharge start 
voltage, a laser gas betWeen the main discharge electrodes 1, 
2 is undergone an electrical breakdoWn at time t6, and a 
main discharge is started across the main discharge elec 
trodes 1, 2 to How electric current i4. The laser medium is 
eXcited by the main discharge caused across the main 
discharge electrodes 1, 2, and laser light is emitted in several 
nsec. 

Then, the voltages of the peaking capacitor Cp and the 
preioniZation capacitor Cpp drop sharply oWing to the main 
discharge and return to the states before the charging Was 
started after a lapse of a predetermined period. 

Such a discharge operation is repeated by the sWitching 
operation of the main sWitch SW Which is synchroniZed With 
the trigger signal TR to perform pulsed laser oscillation at a 
predetermined repetition frequency (namely, a pulse oscil 
lation frequency). 

In such a case, because it is determined that the electric 
charge transfer circuit of each stage Which is comprised of 
the magnetic sWitch and the capacitor has smaller induc 
tance toWard later stages, the pulse compression operation is 
performed so that the peak values of the electric current 
pulses i0 to i2 become high sequentially and the electrifying 
duration becomes shorter sequentially. As a result, an intense 
discharge is caused across the main discharge electrodes 1, 
2 in a short period of time. 

In the magnetic pulse compression circuit, duration td 
(hereinafter called the emission delay time) from the time t0 
When the trigger signal TR is input and the main sWitch SW 
is turned on to the time t6 When the laser light is actually 
emitted depends on electrifying Widths "c0, "c1, "c2 of the 
electric current pulses i0, 01, i2 and saturation time 00, 
("c0+o1), (‘51+O2) of the respective magnetic sWitches ALO 
to AL2. 
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The electrifying Widths (electric charge transfer time) '50, 
"c1, '52 are based on the inductance of the magnetic sWitch 
and the capacitance of the capacitor included in the electric 
charge transfer circuits of the respective stage, and such 
values are greatly in?uenced by the atmosphere temperature 
of the magnetic pulse compression circuit. 

Besides, variations o0, o1, o2 in the saturation time are 
based on a time integral of the voltage applied to the 
respective magnetic sWitches ALO to AL2, so that they are 
greatly in?uenced by the voltage V0 of the high-voltage 
poWer source HV. 

A discharge device other than the discharge device for 
pulsed laser shoWn in FIG. 8 is disclosed in Japanese Patent 
Application No. 9-271207 (Laid-Open Publication No. 
11-112300) ?led in Japan in the name of the applicant of this 
patent application. 

Density Ne0 of electrons produced by the preioniZation 
and its spatial distribution have an in?uence upon the groWth 
and stability of a gloW discharge in the high-pressure laser 
gas. And, they are included in the factors Which exert an 
in?uence upon the laser output poWer, the spatial intensity 
distribution of the laser beam, the pulse Width and the like. 

With the increase of the electron density Ne0, the gen 
eration and maintenance of the stable gloW discharge are 
facilitated, and the laser output poWer obtained is also 
increased. 

But, in the above conventional discharge device for 
pulsed laser, the main discharge (namely, the gloW 
discharge) by the main discharge electrodes 1, 2 is started in 
a state that the preioniZation in the main discharge gap by the 
corona discharge is not performed suf?ciently, namely in a 
state before reaching the aforesaid electron density Ne0 With 
that the stable gloW discharge can be caused and maintained. 
Therefore, the stability and oscillation ef?ciency of the 
energy of the pulsed laser light subject to a pulse oscillation 
are degraded. 

In other Words, the preioniZation capacitor Cpp is con 
nected to the peaking capacitor Cp, so that the preioniZation 
capacitor Cpp is also charged in synchroniZation With the 
charging to the peaking capacitor Cp. 

Therefore, emission timing of the corona discharge 
(preioniZation discharge) by the preioniZation electrode 4 
depends on the voltage applied to the main discharge elec 
trodes 1, 2, and the duration betWeen the corona discharge 
by the preioniZation electrode 4 and the main discharge by 
the main discharge electrodes 1, 2 becomes short. 

Accordingly, the main discharge (namely, the gloW 
discharge) by the main discharge electrodes 1, 2 is started 
before the aforesaid electron density Ne0 in the main 
discharge gap 3 reaches an electron density With that the 
stable gloW discharge can be caused and maintained. 

Especially, in vieW of the energy stability and the lumi 
nous ef?ciency, the pulse Width of the voltage applied to the 
main discharge electrode tends to become short by the 
high-repetitive oscillation of the eXcimer laser, and the 
emission timing of the preioniZation also tends to be close to 
the main discharge start time. 

Therefore, the emission timing of the actual preioniZation 
might deviate from the emission timing of the optimum 
preioniZation, and the energy stability and the luminous 
ef?ciency might be degraded. 
As described above, the conventional discharge device for 

pulsed laser has a short duration betWeen the corona dis 
charge by the preioniZation electrode 4 and the main dis 
charge by the main discharge electrodes 1, 2. Therefore, the 
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4 
main discharge is caused With the preioniZation in an insuf 
?cient state, and the energy stability of the pulsed laser light 
and the high oscillation ef?ciency cannot be obtained. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

The present invention has been achieved in vieW of the 
circumstances described above, and it is an object of the 
invention to provide a discharge device for pulsed laser 
Which has the main discharge by main discharge electrodes 
and the preioniZation discharge by a preioniZation electrode 
realiZed by a separate discharge system and can set an 
emission timing of the preioniZation by the preioniZation 
electrode arbitrarily. 

Accordingly, a ?rst aspect of the present invention is 
directed to a discharge device for pulsed laser, Which com 
prises main discharge means having main discharge elec 
trodes disposed in a laser medium, a main discharge capaci 
tor connected in parallel With the main discharge electrodes, 
a magnetic pulse compression circuit Which is connected in 
parallel With the main discharge capacitor and has a satu 
rable reactor and a forWarding capacitor connected in series, 
and a poWer source for supplying electric charges to the 
forWarding capacitor, and Which generates pulsed laser by 
transferring the electric charges accumulated in the forWard 
ing capacitor according to a preset pulse oscillation syn 
chroniZing signal to the main discharge capacitor by utiliZ 
ing a magnetic saturation phenomenon of the saturable 
reactor to cause a pulse discharge across the main discharge 
electrodes so to eXcite the laser medium, Wherein: 

preioniZation means for causing preioniZation across the 
main discharge electrodes is disposed to discharge indepen 
dent of the main discharge means; and 

preioniZation is caused across the main discharge means 
by the preioniZation means before the main discharge is 
caused by the main discharge means. 

According to the ?rst aspect of the invention, the equiva 
lent circuit of the main discharge circuit section 
(corresponding to the main discharge means) has high 
voltage poWer source HV, main sWitch SW, four capacitors 
C0, C1, C2, Cp and main discharge electrodes 1, 2 as shoWn 
in FIG. 1. And, there are formed a ?rst stage electric charge 
transfer circuit Which forms electric current loop i0 from the 
capacitor C0 to the capacitor 1 through magnetic sWitch ALO 
and the main sWitch SW, a second stage electric charge 
transfer circuit Which forms electric current loop i1 from the 
capacitor C1 to the capacitor C2 through magnetic sWitch 
AL1, and a third stage electric charge transfer circuit Which 
forms electric current loop i2 from the capacitor C2 to the 
peaking capacitor (namely, main discharge capacitor) Cp 
through magnetic sWitch AL2. 

This equivalent circuit has a tWo-stage magnetic pulse 
compression circuit utiliZing a saturation phenomenon of the 
three magnetic sWitches ALO to AL2 made of the saturable 
reactor. And, the capacitors C1, C2 function as the aforesaid 
forWarding capacitor. Besides, the magnetic sWitches AL1, 
AL2 function as the aforesaid saturable reactor. 

The main discharge circuit section and the preioniZation 
discharge circuit (corresponding to the above preioniZation 
discharge means) 10 are designed to have a discharge system 
formed of an independent circuit structure. 
The preioniZation discharge circuit 10 causes preioniZa 

tion of the main discharge gap 3 at an arbitrary determined 
moment When the main discharge by the above main dis 
charge circuit section is not caused yet (FIG. 5). 

Therefore, according to the ?rst aspect of the invention, 
the emission timing of the preioniZation discharge (namely, 



US 6,535,540 B1 
5 

the corona discharge) is not limited to that of the main 
discharge but can be determined arbitrarily. 
A second aspect of the invention is directed to the 

discharge device for pulsed laser according to claim 1, 
Wherein the preioniZation means comprises: 
A preioniZation electrode for preioniZing; 
induction type energy accumulation means for accumu 

lating energy to cause a preioniZation discharge by the 
preioniZation electrode; 

supply means for supplying energy to the energy accu 
mulation means; and 

sWitching means Which performs a sWitching operation in 
correspondence With the pulse oscillation synchroniZing 
signal to supply energy from the supply means to the energy 
accumulation means and to supply the energy accumulated 
in the energy accumulation means to the preioniZation 
electrode. 

According to the second aspect of the invention, in the 
equivalent circuit of the preioniZation discharge circuit 10, 
preioniZation electrode 11 for preioniZing the main dis 
charge gap 3, coil L (corresponding to the aforesaid induc 
tion type energy accumulation means) 12 as an induction 
type energy accumulation circuit, and constant current 
source (corresponding to the supply means) 13 are con 
nected in series as shoWn in FIG. 1. And, sWitch SW 
(corresponding to the sWitching means) 14, Which is a 
sWitching element such as an insulated gate bipolar transis 
tor (IGBT), a gate turn-off thyrister (GTO thyrister) or a 
thyratron to make a sWitching operation according to the 
predetermined timing, is connected in parallel to the preion 
iZation electrode 11. 

According to the second aspect of the invention, the coil 
L12 can increase a voltage rising rate (dV/dt) as compared 
With the case of the preioniZation capacitor Cpp (see FIG. 8) 
used for the conventional discharge device for pulsed laser. 
Therefore, a corona emission intensity to the same input 
energy can be increased, and additional preioniZation can be 
performed in the main discharge gap 3. 

Athird aspect of the invention relates to the ?rst or second 
aspects of the invention Which further comprises predicting 
means for predicting a start moment of a main discharge by 
the main discharge electrodes; and control means for con 
trolling the preioniZation means so that preioniZation is 
caused across the main discharge electrodes earlier by a 
preset time than the start moment of the main discharge 
predicted by the predicting means. 
A fourth aspect of the invention relates to the second 

aspect of the invention Which further comprises: 
predicting means for predicting a start moment of the 

main discharge by the main discharge electrodes; and 
control means for controlling the sWitching means so that 

preioniZation is caused across the main discharge electrodes 
earlier by a preset time than the start moment of the main 
discharge predicted by the predicting means. 

According to the third aspect of the invention, preioniZa 
tion discharge control section (corresponding to the afore 
said prediction means and control means) 40 predicts a start 
moment (laser emission moment) of the main discharge by 
the aforesaid main discharge circuit section, and particularly 
by the main discharge electrodes 1, 2, according to pulse 
oscillation synchroniZing signal TRL output from laser 
controller 20 and delay time 6‘ and outputs a signal indicat 
ing the predicted laser emission moment, namely preioniZa 
tion discharge timing signal Ydt, to the preioniZation dis 
charge circuit section 10. 
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The preioniZation discharge control section 40 has a 

memory table in Which data indicating the standard delay 
time Tds is stored, and recogniZes that a value obtained by 
subtracting the delay time 6‘ from the standard delay time 
Tds is actual emission delay time td and that a value 
obtained by adding the actual emission delay time td from a 
rising moment of the pulse oscillation synchroniZing signal 
TRL is an emission moment of the laser light. 

And, When the preioniZation discharge control section 40 
recogniZes that the laser emission is performed after a lapse 
of the actual emission delay time td (=standard delay time 
Tds-delay time 6‘) as shoWn in FIGS. 5(b), (c) from the 
rising moment of the pulse oscillation synchroniZing signal 
TRL as shoWn in FIG. 5, (a), the control section 40 outputs 
the preioniZation discharge timing signal Ydt to the main 
sWitch SW14 so to cause preioniZation discharge (corona 
discharge) earlier by predetermined time tyd than the 
moment of the laser emission as shoWn in FIGS. 5, (a), (6). 

According to the third and fourth aspects of the invention, 
the emission timing of the preioniZation discharge (namely, 
the corona discharge) can be determined arbitrarily Without 
being restricted by the emission timing of the main dis 
charge. Thus, the emission of the corona discharge can be 
made When the main discharge is caused after the preion 
iZation is suf?ciently caused in the main discharge gap. 
A ?fth aspect of the invention relates to the discharge 

device for pulsed laser according to the fourth aspect of the 
invention, Wherein the predicting means comprises: 

voltage compensating means for compensating variations 
in an actual emission moment of the pulsed laser due to a 
change in a poWer-supply voltage depending on a voltage 
instruction value to the poWer source; 

temperature compensating means for compensating varia 
tions in the actual emission moment of the pulsed laser due 
to a change in an atmosphere temperature in the magnetic 
pulse compression circuit; and 

actual emission moment predicting means for predicting 
the actual emission moment of the pulsed laser according to 
the actual emission moment compensated by the voltage 
compensating means and the actual emission moment com 
pensated by the temperature compensating means; and 
Wherein 

the predicting means recogniZes the actual emission 
moment predicted by the actual emission moment predicting 
means as a start moment of the main discharge. 

According to the ?fth aspect of the invention, laser 
controller 20, temperature sensor 30 and preioniZation dis 
charge control section 40 provide the function of the afore 
said predicting means, and the preioniZation discharge con 
trol section 40 also has the function of the above control 
means. Besides, voltage instruction value arithmetic section 
21, standard delay time setting section 22 and delay time 
arithmetic section 23 provide the function of the aforesaid 
voltage compensation means, and the temperature sensor 30 
and temperature compensation section 24 provide the func 
tion of the above temperature compensation means. Delay 
section 25 produces pulse oscillation synchroniZing signal 
TRL With compensation of variations in actual emission 
moment of the pulsed laser due to a change in poWer-supply 
voltage corresponding to the voltage instruction value and a 
change in atmosphere of the magnetic pulse compression 
circuit. 
The preioniZation discharge control section 

(corresponding to the actual emission moment predicting 
means of the predicting means) 40 recogniZes that the laser 
emission is performed after a lapse of the above actual 
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emission delay time td (=standard delay time Tds-delay 
time 6‘) as shown in FIGS. 5(b), (c) from the rising moment 
of the pulse oscillation synchronizing signal TRL as shoWn 
in FIG. 5, (a). 

According to the ?fth aspect of the invention, the actual 
emission moment of the laser light can be predicted con 
sidering variations in actual emission moment of the pulsed 
laser due to a change in poWer-supply voltage according to 
the voltage instruction value and a change in atmosphere of 
the magnetic pulse compression circuit, and the preioniZa 
tion discharge can be caused earlier by a predetermined 
period than the predicted actual emission moment. 
A siXth aspect of the invention relates to the discharge 

device for pulsed laser according to the second aspect of the 
invention, Wherein: 

the preioniZation means has the sWitching means, the 
preioniZation electrode, the energy accumulation means and 
the supply means connected in series; and 

one end of the preioniZation electrode is connected to the 
sWitching means and the other end of the preioniZation 
electrode is connected to the energy accumulation means. 

According to the siXth aspect of the invention, preioniZa 
tion electrode (corresponding to the above preioniZation 
electrode) 11 is comprised of electrode 11A Which is a 
conductor (e.g., metal), cylindrical tube 11B as a dielectric 
through Which the electrode 11A is inserted, and continuity 
plate 11C Which is disposed to face the tube 11B so to enable 
preioniZation of the main discharge gap 3 (see FIG. 1) across 
the main discharge electrodes 1, 2 and is grounded as shoWn 
in FIG. 2. 

In the preioniZation discharge circuit (corresponding to 
the above preioniZation means) 10 having the preioniZation 
electrode 11, constant current source 13 is connected to one 
end of coil L12, the other end of the coil L12 is connected 
to one end of the electrode 11Aof the preioniZation electrode 
11, and the other end of the electrode 11A is connected to 
sWitch SW14. 

According to the siXth aspect of the invention, the elec 
trode 11A can also be used as a part of the induction type 
energy accumulation means, and When the sWitch SW14 is 
changed from on to off, a uniform electric ?eld is produced 
in the electrode 11A in its longitudinal direction. Therefore, 
the corona discharge can be obtained With a uniform electric 
?eld intensity at the preioniZation electrode 11 in its longi 
tudinal direction. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a circuit diagram shoWing an equivalent circuit 
of a discharge device for pulsed laser according to an 
embodiment of the invention; 

FIG. 2 is a diagram shoWing an eXample structure of the 
preioniZation discharge circuit shoWn in FIG. 1; 

FIG. 3 is a structural diagram shoWing an eXample of a 
constant current source; 

FIG. 4 is a time chart shoWing voltage Waveforms and 
pulse synchroniZing signals at respective points of a mag 
netic pulse compression circuit to shoW the operations of the 
embodiment; 

FIG. 5 is a time chart for illustrating the emission timing 
of a preioniZation discharge (e.g., a corona discharge) by the 
preioniZation discharge control section; 

FIG. 6 is a characteristic diagram shoWing a relationship 
betWeen a corona emission strength and an ioniZing density 
at preioniZation discharging by a preioniZation electrode; 

FIG. 7 is a structural diagram shoWing a structure of 
another preioniZation discharge circuit of the embodiment; 
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8 
FIG. 8 is a diagram shoWing a structure of a conventional 

discharge device for pulsed laser; and 
FIG. 9 is a diagram shoWing voltage and current Wave 

forms at respective points of a magnetic pulse compression 
circuit of the conventional discharge device for pulsed laser. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Embodiments of the present invention Will be described 
With reference to the attached draWings. 

FIG. 1 shoWs an equivalent circuit of a capacity shift type 
magnetic compression discharge device to Which the dis 
charge device for pulsed laser of the present invention is 
applied. 
The equivalent circuit shoWn in FIG. 1 has a structure 

similar to that of the conventional equivalent circuit shoWn 
in FIG. 8 eXcept that the preioniZation capacitor Cpp and the 
preioniZation electrode 4 Were removed and the preioniZa 
tion discharge circuit 10, the laser controller 20, the tem 
perature sensor 30 and the preioniZation discharge control 
section 40 Were added. In FIG. 1, like reference numerals are 
allocated to like components having the same functions as 
those of the components shoWn in FIG. 8. 
The preioniZation discharge circuit 10 is con?gured inde 

pendent of the equivalent circuit of the discharge device for 
pulsed laser having the structure With the preioniZation 
capacitor Cpp and the preioniZation electrode 4 removed 
from FIG. 8. The equivalent circuit con?gured With the 
preioniZation capacitor Cpp and the preioniZation electrode 
4 removed Will be called the main discharge circuit section 
hereinafter. 

Speci?cally, the preioniZation discharge circuit 10 has a 
circuit structure independent of the aforesaid main discharge 
circuit section. 

In the equivalent circuit of the preioniZation discharge 
circuit 10, the preioniZation electrode 11 having the same 
function as that of the preioniZation electrode 4 shoWn in 
FIG. 8, the coil L12 as an induction type energy accumu 
lation circuit and the constant current source 13 are con 

nected in series. And, the sWitch SW14, Which is a sWitching 
element such as an insulated gate bipolar transistor (IGBT), 
a gate turn-off thyrister (GTO thyrister) or a thyratron to 
make a sWitching operation according to the predetermined 
timing, is connected in parallel to the preioniZation electrode 
11. 
A speci?c eXample of the structure of the preioniZation 

discharge circuit 10 is shoWn in FIG. 2. 
In FIG. 2, the preioniZation electrode 11 is comprised of 

the electrode 11A Which is a conductor (e.g., metal), the 
cylindrical tube 11B as a dielectric through Which the 
electrode 11A is passed, and the electrode plate 11C Which 
is disposed to face the tube 11B so to enable preioniZation 
of the main discharge gap 3 across the main discharge 
electrodes 1 and 2 (see FIG. 1) and also grounded. 
The constant current source 13 is connected to one end of 

the coil L12, the other end of the coil L12 is connected to 
one end of the electrode 11A of the preioniZation electrode 
11, and the other end of the electrode 11A is connected to the 
sWitch SW14. 

In the preioniZation discharge circuit 10, the electrode 
11A is also used as a part of the induction type energy 
accumulation circuit (namely, an inductor). 

Then, operations of the preioniZation discharge circuit 10 
Will be described. 

In the preioniZation discharge circuit 10 of FIG. 2, When 
the sWitch SW14 is turned on, current i10 from the constant 
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current source 13 ?oWs through a loop of the coil L12, the 
electrode 11A and the switch SW14. 

Then, When it is assumed that inductance of the coil L12 
is L (unit: H) and a current (namely, current i10) ?owing 
through the coil L12 is I (unit: A), energy EL of (1/2)~L~IA2 
is accumulated in the coil L12. 

And, When the sWitch SW14 is turned off according to a 
predetermined signal output from preioniZation discharge 
control section 60 to be described in detail afterWard, the 
energy EL accumulated in the coil L12 is suddenly supplied 
to the electrode 11A of the preioniZation electrode 11. Then, 
an electric ?eld is generated betWeen the electrode 11A and 
the electrode plate 11C, the electric ?eld of the preioniZation 
electrode 11 rises to a predetermined preioniZation start 
electric ?eld, a corona discharge is generated in the tube 11B 
as the dielectric of the preioniZation electrode 11 to How 
electric current ill, and the main discharge gap 3 is preion 
iZed. 

In such a case, because the electrode 11A is used as a part 
of the induction type energy accumulation circuit, a uniform 
electric ?eld is generated in a longitudinal direction of the 
electrode 11A When the sWitch SW14 is tuned off. Therefore, 
a corona discharge With a uniform electric ?eld strength is 
generated at the preioniZation electrode 11 in its longitudinal 
direction. 

Then, reasons of using the induction type energy accu 
mulation circuit (namely, the coil L12) as means for accu 
mulating energy to generate the preioniZation discharge, 
namely the corona discharge Will be described. 

As described above, the energy EL=(1/2)~L~IA2 is accu 
mulated in the coil L12. 

On the other hand, When it is assumed that an electrostatic 
capacity of the preioniZation capacitor Cpp is C (unit: F) and 
a charging voltage of the capacitor Cpp is V (unit: V) in the 
equivalent circuit shoWn in FIG. 8, energy Ec of (1/2)~C~VA2 
is accumulated in the preioniZation capacitor Cpp. 
When it is assumed that the energy EL accumulated in the 

coil L12 is the same as the energy Ec accumulated in the 
preioniZation capacitor Cpp, the folloWing expression (1) is 
set up. 

And, When energy that is identical to that setting up the 
above expression (1) is accumulated in the coil L12 and the 
preioniZation capacitor Cpp, the coil L12 (namely, the 
induction type energy accumulation circuit) can have a high 
voltage build-up rate (dV/dt) as compared With the preion 
iZation capacitor Cpp. Therefore, a corona emission inten 
sity to the same input energy can be made high, and further 
preioniZation can be caused in the main discharge gap 3. 

Thus, as means for accumulating energy needed for 
causing the corona discharge, the induction type energy 
accumulation circuit is used in this embodiment. 

FIG. 3 shoWs an example structure of the constant current 
source 13. 

In the constant current source 13, poWer-supply voltage 
Vcc is supplied to a connected portion of a collector and 
base of transistor Tr1 and a base of transistor Tr2 through 
resistor R1. Such transistors Tr1, Tr2 have their respective 
emitters grounded through resistor RE1 and resistor RE2. 

Here, collector current Ic ?oWing to the collector of the 
transistor Tr2 is determined. 
When it is assumed in FIG. 3 that the base electric current 

of the transistor Tr2 is disregarded and base-to-emitter 
voltage VBE is equal betWeen the transistors Tr1 and Tr2, 
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current I1 ?oWing to the resistor R1 and voltage VRE1 at 
either end of the resistor RE1 are determined by calculating 
the folloWing expressions (2), 

Electric current I1=(Vcc—VBE)/(R1+RE1) (2) 

(3) 

Because the voltage at either end of the resistor RE2 is 
equal to the voltage VRE1, the collector current Ic ?oWing 
through the collector of the transistor Tr2 is determined by 
calculating the folloWing expression 

Collector current Ic=VRE1/RE2=(RE1/RE2)><I1 (4) 

Thus, When the current I1 ?oWing through the transistor 
Tr1 is determined, the collector current Ic ?oWing to the 
collector of the transistor Tr2 is determined regardless of the 
collector voltage and becomes a constant current source. 

Descriptions Will be further made With reference to FIG. 
1. In the equivalent circuit of the main discharge circuit 
section shoWn in FIG. 1, a tWo-stage magnetic pulse com 
pression circuit is used in the same Way as the equivalent 
circuit shoWn in FIG. 8. Waveforms of voltages VCO, VC1, 
VC2, VCp and current pulses i0, i1, i2 at the respective 
components (namely, respective circuit parts) of the main 
discharge circuit section shoWn in FIG. 1 are the same as 
those shoWn in FIG. 9. 
The equivalent circuit of the main discharge circuit sec 

tion of this embodiment has high voltage source HV, main 
sWitch SW, four capacitors C0, C1, C2, Cp, and main 
discharge electrodes 1, 2. 
A ?rst charge transport circuit Which forms the electric 

current loop i0 from the capacitor C0 to the capacitor C1 
through magnetic sWitch ALO and the main sWitch SW, a 
second charge transport circuit Which forms the electric 
current loop i1 from the capacitor C1 to the capacitor C2 
through magnetic sWitch AL1, and a third charge transport 
circuit Which forms the current loop i2 from the capacitor C2 
to the peaking capacitor Cp through magnetic sWitch AL2. 

It is designed that inductance become small sequentially 
When the magnetic sWitches ALO to AL2 are saturated or not 
saturated, and the capacitors of the respective charge trans 
port circuits have the same capacitance. Therefore, the crest 
value of the electric current pulse Which ?oWs through the 
respective charge transport circuits is ampli?ed sequentially 
and its pulse Width is compressed sequentially as shoWn in 
FIG. 9. 

In the laser controller 20, energy monitor value Ea output 
from an unshoWn energy monitor for monitoring the energy 
and Wavelength of the laser light output from an unshoWn 
laser chamber in Which the main discharge electrodes 1, 2 
are disposed and target energy (namely, energy instruction 
value) E of laser oscillation output from an unshoWn expo 
sure device are input to the voltage instruction value arith 
metic section 21. 
The voltage instruction value arithmetic section 21 cal 

culates voltage instruction value V0, Which is needed to 
output energy corresponding to the energy instruction value 
E input from the exposure device (not shoWn), With the 
energy monitor value Ea input from the energy monitor (not 
shoWn) as a feedback signal and outputs the calculated value 
V0 to the high voltage poWer source HV and delay time 
arithmetic section 23. 

In this case, an adjustment range of the voltage instruction 
value V0 is assumed to be minimum voltage value 
Vmin§V0§maximum voltage value Vmax. 

In the embodiment, the maximum voltage value Vmax of 
the poWer-supply voltage SVO is determined so that charge 
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transport time through the capacitors C0 to C2 and Cp agrees 
With saturation time of the magnetic sWitches ALO to AL2, 
in other Words, deviations 00 to 02 of the saturation time 
become Zero. And the poWer-supply voltage is controlled in 
a range not exceeding the maximum voltage value Vmax. 

Therefore, a situation that the magnetic sWitches are 
saturated When the charge transfer among the capacitors is 
being made, namely 01 and 02 have a negative value, does 
not take place. Thus, it is securely prevented that the peak 
value of the electric current pulse loWers and a current 
carrying Width increases. 

Standard delay time setting section 22 and the delay time 
arithmetic section 23 are con?gured to agree With respective 
pulses a duration betWeen the instant When pulse oscillation 
synchroniZing signal (namely, a trigger signal) TR output 
from an unshoWn exposure device is received by a gas laser 
apparatus having the discharge device for pulsed laser and 
the instant When a laser is actually emitted. 

The predetermined standard delay time Tds, Which is not 
less than the maximum value of a varied range of emission 
delay time betWeen the instant When the main sWitch SW is 
turned on and the instant When the laser oscillation is started 
actually, is previously determined in the standard delay time 
setting section 22. 

In this embodiment, the standard delay time Tds is set to 
a value under a situation When the temperature is predeter 
mined standard temperature u0 and poWer-supply voltage 
V0 to be described afterWard is predetermined voltage Vs 
Which is not more than minimum voltage Vmin. 

For example, predetermined voltage value Vs(§Vmin), 
Which is equal to or smaller than the minimum voltage Vmin 
in an adjustment range “VminéV0éVmax” of the voltage 
instruction value V0, is determined at a temperature Which 
is the predetermined standard temperature u0, and oscilla 
tion delay time betWeen the instant When the main sWitch 
SW is turned on by performing the laser oscillation With the 
voltage Vs and the instant When the laser oscillation is 
started actually is determined as the standard delay time Tds. 
The standard delay time Tds is input to the standard delay 
time arithmetic section 23 and the preioniZation discharge 
control section 40. 

The delay time arithmetic section 23 calculates actual 
emission delay time td When the laser oscillation is con 
ducted With the voltage instruction value V0 according to the 
input voltage instruction value V0 and also determines a 
difference betWeen the calculated value (actual emission 
delay time) td and the standard delay time Tds and outputs 
the obtained difference as delay time 6(=Tds—td) to tem 
perature compensation section 24. 

Speci?cally, the delay time arithmetic section 23 has data 
indicating delay times 6 corresponding to a plurality of 
different poWer-supply voltages V0 previously stored in an 
unshoWn memory table. These delay times 6 can be deter 
mined by previously calculating appropriate values corre 
sponding to the respective poWer-supply voltages V0 by 
actually measuring the actual emission delay time td With 
the respective poWer-supply voltage V0 varied variously. 
The obtained delay times 6 are stored in correspondence 
With the poWer-supply voltages V0 in the memory table. The 
delay time arithmetic section 23 gets from the memory table 
the delay time 6 corresponding to the voltage instruction 
value V0 output from the voltage instruction value arith 
metic section 21 and outputs it to the temperature compen 
sation section 24. 

The voltage instruction value V0 output from the voltage 
instruction value arithmetic section 21 is alWays larger than 
the poWer-supply voltage Vs used to determined the stan 
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dard delay time Tds ((VOZVs), so that the actual emission 
delay time td Which is estimated by the delay time arithmetic 
section 23 is alWays smaller than the standard delay time 
Tds, and a difference betWeen them is calculated as the delay 
time 6 (namely, obtained from the memory table). In other 
Words, saturation time of the respective magnetic sWitches 
ALO to AL2 is reduced as the poWer-source voltage V0 is 
larger. And, the actual emission delay time td becomes short 
accordingly. 
Atmosphere temperature u of the magnetic pulse com 

pression circuit detected by the temperature sensor 30 is 
input to the temperature compensation section 24. 

Reasons of detecting the atmosphere temperature of the 
magnetic pulse compression circuit by the temperature com 
pensation section 24 in this embodiment Will be described. 

The emission delay time depends on not only the satura 
tion time of the magnetic sWitches ALO to AL2 but also 
electrifying Widths "c0, "c1, "c2 of the current pulses i0, i1, i2. 
These electrifying Widths (charge transport time) '50, "c1, '52 
are determined according to the capacitance of the capaci 
tors and the inductance of the magnetic sWitches included in 
the respective charge transport circuits. Therefore, the emis 
sion delay time is in?uenced by the atmosphere temperature 
in the magnetic pulse compression circuit. 

Accordingly, the atmosphere temperature of the magnetic 
pulse compression circuit is detected in this embodiment, 
and the emission delay time is compensated according to the 
detected result. 

Speci?cally, delay time 6 is determined considering varia 
tions of the actual emission delay time td due to the 
atmosphere temperature of the magnetic pulse compression 
circuit in addition to the poWer-supply voltage V0, and the 
pulse oscillation synchronizing signal TR is delayed by the 
determined delay time 6‘. Details Will be described after 
Ward. 

The temperature compensation section 24 has an unshoWn 
memory table for storing data indicating a relation betWeen 
a plurality of atmosphere temperatures u and a plurality of 
delay times 6 (With only a temperature change taken into 
consideration) corresponding to such atmosphere tempera 
tures. 

Speci?cally, the actual emission delay time td is actually 
measured With the poWer-supply voltage V0 assumed to be 
voltage Vs for setting the standard delay time Tds and the 
atmosphere temperature u varied variously. And difference 
6 betWeen the actually measured value td and the standard 
delay time Tds With the poWer-supply voltage V0 deter 
mined to be the voltage Vs at predetermined standard 
temperature u0 is stored in association With the atmosphere 
temperature u into the memory table. 
The temperature compensation section 24 reads data 

indicating the delay time 6 corresponding to the detected 
value (namely, the atmosphere temperature) u of the tem 
perature sensor 30 from the memory table, adds the read 
delay time 6 (namely, the delay time 6 considering the 
temperature) to the delay time 6 considering only the poWer 
supply voltage input from the delay time arithmetic section 
23, and outputs the added result 6‘(=6+E) as ?nal delay time 
6‘ to the delay section 25. 

Pulse oscillation synchroniZing signal TR, Which is a 
trigger signal for the repetition pulse oscillation, output from 
the exposure apparatus (not shoWn) is input to the delay 
section 25. 
The delay section 25 delays the received pulse oscillation 

synchroniZing signal TR by the aforesaid delay time 6‘, 
outputs the delayed pulse oscillation synchroniZing signal 
TRL to the main sWitch SW, and also outputs the pulse 
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oscillation synchronizing signal TRL and the delay time 6‘ to 
the preioniZation discharge control section 40. 
As a result, in each pulse oscillation, the duration from the 

reception of the pulse oscillation synchroniZing signal TR by 
the delay time arithmetic section 23 to the actual emission of 
the laser light becomes the actual emission delay time td+the 
delay time 6‘(=standard delay time Tds), Which alWays 
agrees With a constant value of the standard delay time Tds. 

FIG. 4, (a) shoWs voltage Waveforms at the respective 
points of the magnetic pulse compression circuit shoWn in 
FIG. 1 When the laser oscillation is conducted With the 
poWer-supply voltage V0 determined as the voltage Vs for 
setting the standard delay time Tds. And, FIG. 4, shoWs 
voltage Waveforms at the respective points of the magnetic 
pulse compression circuit When the laser oscillation is 
conducted With the poWer-supply voltage V0 determined as 
predetermined voltage Va higher than the aforesaid voltage 
Vs. The time aXis is common betWeen the above ?gures. 

It is apparent by comparing the above voltage Waveforms 
that When the initial charging voltage (instruction voltage) 
V0 becomes large, voltage-by-time product portions (S1, 
S1, S2) are shrunk along the time axis, and the magnetic 
sWitches ALO, AL1 have a short saturation time. 

Therefore, When the initial charging voltage V0 is the 
small voltage Vs as shoWn in FIG. 4, (a), it takes the 
standard delay time Tds from the input of the pulse oscil 
lation synchroniZing signal TR to the main sWitch SW to the 
actual emission of the laser (see FIG. 4, (c)), but When the 
initial charging voltage V0 is the large voltage Va as shoWn 
in FIG. 4, (a), it takes only time td (<Tds) from the input of 
the pulse oscillation synchroniZing signal TR to the main 
sWitch SW to the actual emission of the laser (see FIG. 4, 
(1)) 

The preioniZation discharge control section 40, Which has 
received the pulse oscillation synchroniZing signal TRL and 
the delay time 6‘ output from the delay section 25, controls 
to sWitch the sWitch SW 14 of the preioniZation discharge 
circuit 10 according to the pulse oscillation synchroniZing 
signal TRL and the delay time 6‘ so to preioniZe the main 
discharge gap 3 before the main discharge is made by the 
main discharge electrodes 1, 2. 

Speci?cally, the preioniZation discharge control section 
40 has a memory for storing data Which indicates the 
standard delay time Tds already output from the standard 
delay time setting section 22, recogniZes that a value 
obtained by subtracting the delay time 6‘ from the standard 
delay time Tds is the actual emission delay time td and that 
a value obtained by adding the actual emission delay time td 
from the rising moment of the pulse oscillation synchroniZ 
ing signal TRL is the moment When the laser light is emitted. 

And, When the preioniZation discharge control section 40 
recogniZes that the laser is emitted after a lapse of the actual 
emission delay time td (=the standard delay time Tds-the 
delay time 6‘) as shoWn in FIGS. 5(b), (c) from the rising 
moment of the pulse oscillation synchroniZing signal TRL as 
shoWn in FIG. 5, (a), it outputs preioniZation discharge 
timing signal Ydt to the main sWitch SW14 so that the 
preioniZation discharge (namely, the corona discharge) is 
performed earlier by predetermined time tyd than the 
moment of the laser emission as shoWn in FIGS. 5, (a), (6) 
(see FIG. 5, 

The preioniZation discharge timing signal Ydt is sent from 
the preioniZation discharge control section 40 to the sWitch 
SW14 so that the sWitch SW14 is changed from the on state 
to the off state after a lapse of time ty (=Tds—tyd) obtained 
by subtracting the predetermined time tdy from the standard 
delay time Tds from the moment When the pulse oscillation 
synchroniZing signal TRL is received. 
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The predetermined time tyd is determined to be a duration 

from the start of the preioniZation by the preioniZation 
electrode 11 to the full preioniZation of the main discharge 
gap 3. 

Then, reasons of setting the predetermined time tyd Will 
be described With reference to FIG. 6. 

FIG. 6 is a characteristic diagram shoWing a relationship 
betWeen an intensity of corona emission (namely, corona 
emission intensity) and an ioniZation density by the preion 
iZation discharge (namely, the corona discharge). 
Time tC0 on the time aXis shoWn in FIG. 6 corresponds 

With the rising point of the preioniZation discharge timing 
signal Ydt shoWn in FIG. 5, (a), namely time ts shoWn in 
FIG. 5, (6). And time tC1 shoWn in FIG. 6 corresponds With 
the time te shoWn in FIG. 5, (e). 
The ioniZation density increases gradually in the duration 

from the time tC0 When the corona discharge is started as 
shoWn in FIG. 6 to the time tc1 When the corona discharge 
is terminated (namely, the period When the corona discharge 
is performed) and keeps a predetermined value for a prede 
termined period even after the corona emission is terminated 
at the time tC1. 

Besides, the main discharge gap 3 is preioniZed suffi 
ciently at a predetermined moment after the time tC1. The 
suf?cient preioniZation of the main discharge gap 3 means 
that electron density Ne0 generated by the preioniZation has 
reached such a predetermined value that a stable gloW 
discharge (main discharge) is made and maintained With 
ease. Therefore, the main discharge is caused readily and 
stabiliZed in the aforesaid preioniZing state (predetermined 
electron density Ne0). 

For example, When the corona discharge period (from the 
time tC0 to the time tC1) is 100 nsec, the preioniZation 
discharge control section 40 of this embodiment, assuming 
that at least the predetermined time tyd=the corona dis 
charge period=100 nsec, outputs the preioniZation discharge 
timing signal (namely, the corona emission timing signal) 
Ydt to the sWitch SW14 after a lapse of the time ty 
(=Tds—tyd) upon receipt of the pulse oscillation synchro 
niZing signal TRL as described above so that the preioniZa 
tion discharge is caused earlier by the time tyd (=100 nsec) 
than the rising moment of the emission timing signal Ht of 
the laser emission shoWn in FIG. 5, 

Thus, When the main discharge is caused by the main 
discharge electrodes 1, 2 at the time tC1 When the corona 
emission is terminated, the main discharge is performed in 
the suf?ciently preioniZed state, so that the main discharge 
is caused readily and stabiliZed. 
When the corona discharge period is 100 nsec and the 

predetermined time tyd is 100 nsec+several nsec, the preion 
iZation discharge control section 40 may send to the sWitch 
SW14 the preioniZation discharge timing signal Ydt With 
timing earlier by the time tyd (=100 nsec+several nsec) than 
the emission timing signal Ht of the aforesaid laser light. 

In such a case, for eXample even When the main discharge 
is caused by the main discharge electrodes 1, 2 at time tC2 
or time tC3 shoWn in FIG. 6, sufficient preioniZation is 
caused in the main discharge gap 3, so that the main 
discharge is readily caused and also stabiliZed in the same 
Way as the main discharge is caused at the time tC1. 

In the conventional discharge device for pulsed laser as 
shoWn in FIG. 8, the corona discharge is caused by charging 
the preioniZation capacitor Cpp in synchroniZation With the 
charging of the peaking capacitor Cp. Therefore, the time t6 
(namely, the main discharge start moment) shoWn in FIG. 9 
often corresponds With for eXample the time tCp shoWn in 
FIG. 6. In other Words, the main discharge is conventionally 
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caused by the main discharge electrodes 1, 2 in an insuf? 
cient preioniZing state (namely, during the preioniZation), so 
that the main discharge is hardly caused and unstable. 

In the aforesaid embodiment, the sWitch SW14 of the 
preioniZation discharge circuit 10 is disposed betWeen one 
end of the electrode 11A in the preioniZation electrode 11, 
Whose other end is connected to the coil L12, and a ground, 
but the invention is not limited to such a con?guration. The 
sWitch SW14 may also be disposed as folloWs. 

Speci?cally, the sWitch SW14 may be disposed betWeen 
a ground and a connecting point Where the electrode 11A of 
the preioniZation electrode 11 and the coil L12 are connected 
as shoWn in FIG. 7. 

The preioniZation discharge circuit 10 con?gured as 
shoWn in FIG. 7 is independent of the aforesaid main 
discharge circuit section, so that the emission timing of the 
preioniZation discharge or the corona discharge can be 
determined arbitrarily. 

But, the electrode 11A has an electric ?eld strength in the 
vicinity of portion 11A-1 close to the coil L12 larger than 
that in the vicinity of portion 11A-2 aWay from the coil L12. 
In other Words, because the electric ?eld strength is different 
betWeen the vicinity of the portion 11A-1 and the vicinity of 
the portion 11A-2, the electric ?eld strength become uneven 
With respect to the entire electrode 11A or its longitudinal 
direction, and the corona discharge also becomes uneven. As 
a result, the preioniZation becomes uneven in the main 
discharge gap 3 and particularly in the main discharge gap 
3 in the longitudinal direction of the main discharge elec 
trodes 1, 2. And there is a possibility that the main discharge 
is not caused by the main discharge electrodes 1, 2. 

Therefore, it is preferable to adopt the preioniZation 
discharge circuit 10 shoWn in FIG. 2 from the vieWpoint that 
a uniform electric ?eld strength is produced in the longitu 
dinal direction of the electrode 11A and the emission timing 
of the preioniZation discharge or the corona discharge can be 
determined arbitrarily. 

In the aforesaid embodiment, the preioniZation discharge 
control section 40 recogniZes a value obtained by subtract 
ing the delay time 6‘ from the standard delay time Tds as the 
actual emission delay time td and a value obtained by adding 
the actual emission delay time td from the rising moment of 
the pulse oscillation synchroniZing signal TRL as the emis 
sion moment of the laser light. But, the invention is not 
limited to the above con?guration and may also be con?g 
ured as folloWs. 

Speci?cally, the standard delay time Tds determined by 
the standard delay time setting section 22 is not sent to the 
preioniZation discharge control section 40 but to the delay 
section 25. 

And, the delay section 25 recogniZes that a value obtained 
by adding the actual emission delay time (Tds—6‘=td) from 
the rising moment of the pulse oscillation synchroniZing 
signal TRL is the emission moment of the laser light 
according to the standard delay time Tds, the delay time 6‘ 
determined by it and the pulse oscillation synchroniZing 
signal TRL generated by it, and outputs the emission timing 
signal of the laser light to the preioniZation discharge control 
section 40. 

The preioniZation discharge control section 40 outputs the 
preioniZation discharge timing signal Ydt to the sWitch 
SW14 so that the preioniZation discharge (namely, the 
corona discharge) is caused earlier by the predetermined 
time tyd than the rising moment of the emission timing 
signal of the laser light. 
As described above, the preioniZation discharge circuit 

section 10 and the aforesaid main discharge circuit section 
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have an independent discharge system in this embodiment, 
so that the emission timing of the preioniZation discharge 
(namely, the corona discharge) is not limited to that of the 
main discharge but can be determined arbitrarily. 

Therefore, the emission timing of the corona discharge 
can be determined so that the main discharge is caused With 
the main discharge gap 3 in a fully preioniZed state. Thus, 
the laser oscillation can be optimiZed accordingly. 

According to this embodiment, the induction type energy 
accumulation means is used, and the voltage rising rate 
(dV/dt) can be made high. Thus, the corona emission inten 
sity to the input energy can be made high as compared With 
the capacity type energy accumulation means (namely, the 
capacitor). 

Besides, the electrode 11A of the preioniZation electrode 
11 of this embodiment is used as a part of the induction type 
energy accumulation means (namely, the inductor), so that 
When the sWitch SW14 is changed from on to off, a uniform 
electric ?eld is produced in the longitudinal direction of the 
electrode 11A, and the preioniZation electrode 11 can obtain 
the corona discharge (namely, the corona emission) With the 
uniform electric ?eld intensity in its longitudinal direction. 

Furthermore, the electrode 11A of the preioniZation elec 
trode 11 is also used as a part of the induction type energy 
accumulation means (namely, the inductor) in the embodi 
ment as described above, so that the induction type energy 
accumulation means of this embodiment can make the actual 
inductor (namely, the coil L12) smaller and lighter for the 
inductance possessed by the electrode 11A as compared With 
the induction type energy accumulation means in the case 
that the electrode 11A is not used as the inductor. 
What is claimed is: 
1. A discharge device for a pulsed laser, comprising a 

main discharge means having main discharge electrodes 
disposed in a laser medium, a main discharge capacitor 
connected in parallel With the main discharge electrodes, a 
magnetic pulse compression circuit Which is connected in 
parallel With the main discharge capacitor and has a satu 
rable reactor connected in series With a forWarding 
capacitor, and a poWer source for supplying electric charges 
to the forWarding capacitor, said capacitor generating a 
pulsed laser by transferring the electric charges accumulated 
in the forWarding capacitor according to a preset pulse 
oscillation synchroniZing signal from an outside source to 
the main discharge capacitor to cause a pulse discharge 
across the main discharge electrodes so as to eXcite the laser 
medium, Wherein: 

preioniZation means for causing preioniZation across the 
main discharge electrodes is disposed to discharge 
independent of the main discharge means; and 

preioniZation is caused across the main discharge means 
by the preioniZation means before the main discharge is 
caused by the main discharge means. 

2. The discharge device for pulsed laser according to 
claim 1, Wherein the preioniZation means comprises: 

a preioniZation electrode; 
induction type energy accumulation means for accumu 

lating energy to cause a preioniZation discharge by the 
preioniZation electrode; 

supply means for supplying energy to the energy accu 
mulation means; and sWitching means to connect the 
supply means to the energy accumulation means in 
correspondence With the pulse oscillation synchroniZ 
ing signal and to supply the energy accumulated in the 
energy accumulation means to the preioniZation elec 
trode. 
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3. The discharge device for pulsed laser according to 
claim 2, Wherein: 

the preioniZation means has the switching means, the 
preioniZation electrode, the energy accumulation 
means and the supply means connected in series; and 

one end of the preioniZation electrode is connected to the 
sWitching means and the other end of the preioniZation 
electrode is connected to the energy accumulation 
means. 

4. The discharge device for pulsed laser according to 
claim 1, further comprising: 

predicting means for predicting a start moment of a main 
discharge by the main discharge electrodes; and 

control means for controlling the preioniZation means so 
that preioniZation is caused across the main discharge 
electrodes earlier by a preset time than the start moment 
of the main discharge predicted by the predicting 
means. 

5. The discharge device for pulsed laser according to 
claim 2, further comprising: 

predicting means for predicting a start moment of the 
main discharge by the main discharge electrodes; and 

control means for controlling the sWitching means so that 
preioniZation is caused across the main discharge elec 
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trodes earlier by a certain time than the start moment of 
the main discharge predicted by the predicting means. 

6. The discharge device for pulsed laser according to 
claim 1, Wherein the predicting means comprises: 

voltage compensating means for compensating variations 
in an actual emission moment of the pulsed laser due to 
a change in a poWer-supply voltage depending on a 
voltage instruction value to the poWer source; 

temperature compensating means for compensating varia 
tions in the actual emission moment of the pulsed laser 
due to a change in an atmosphere temperature in the 
magnetic pulse compression circuit; and 

actual emission moment predicting means for predicting 
the actual emission moment of the pulsed laser accord 
ing to the actual emission moment compensated by the 
voltage compensating means and the actual emission 
moment compensated by the temperature compensat 
ing means; and Wherein 
the predicting means recogniZes the actual emission 
moment predicted by the actual emission moment 
predicting means as a start moment of the main 
discharge. 


